Cellular senescence is a typical tumor-suppressive mechanism that restricts the proliferation of premalignant cells. However, mounting evidence suggests that senescent cells, which also persist in vivo, can promote the incidence of aging-related disorders principally via the senescence-associated secretory phenotype (SASP), 
reinforcing senescence (DNA SCARS), nuclear heterochromatin foci and senescence-associated β-galactosidase (SA-β-Gal) activity (Ozcan et al., 2016) . However, senescent cells are frequently implicated in multiple disorders, mainly through secretion of numerous bioactive molecules, a distinctive phenomenon found a decade ago and termed as the senescence-associated secretory phenotype (SASP; Acosta et al., 2008; Coppe et al., 2008; Kuilman et al., 2008) . The full SASP spectrum comprises a myriad of soluble factors including pro-inflammatory cytokines, chemokines, growth factors and proteases, whose functional involvement can be classified into several aspects including but not limited to extracellular matrix formation, metabolic processes, ox-redox events and gene expression regulation (Ozcan et al., 2016) . The SASP promotes embryonic development, tissue repair and wound healing, serving as an evolutionarily adapted mechanism in maintaining tissue and/or organ homeostasis (Davaapil, Brockes, & Yun, 2017; Demaria et al., 2014; Jun & Lau, 2010; Munoz-Espin et al., 2013; Storer et al., 2013) . Senescent cells communicate with their surrounding environment by expressing the SASP, with the potential to boost immune surveillance by mounting specific inflammatory responses including those mediated by CD4 + T cells against antigens expressed in senescent cells, particularly those observed in premalignant lesions (Georgilis et al., 2018; Kang et al., 2011; Toso et al., 2014) . Although the SASP is beneficial to several health-associated events, more evidence has showed that it actively contributes to the formation of a pro-carcinogenic tumor microenvironment (TME). Long-term secretion of the SASP factors by senescent cells can impair the functional integrity of adjacent normal cells in the local tissue, serving as a major cause of chronic inflammation which drives aging-related degeneration of multiple organs (He & Sharpless, 2017) . Thus, senescent cells and their unique phenotype, the SASP, can be defined as a form of antagonistic pleiotropy, a property that is beneficial in early life and during tissue turnover, but deleterious over time with advanced age, making both mechanistic investigation and therapeutic intervention of paramount significance in current era of precision medicine.
As the SASP can generate contrasting pathophysiological consequences, substantial interest has been sparked in recent years to achieve an accurate and thorough understanding of this cell-non-autonomous phenotype. In cancer patients, the most frequently observed formats of cellular senescence encompass oncogene-induced senescence (OIS) and therapy-induced senescence (TIS) (Sieben, Sturmlechner, Sluis, & Deursen, 2018) (Figure 1 ). Indeed, both modalities are initially tumor suppressive, but later tend to manifest a pro-tumorigenic capacity by substantially activating the DNA damage response (DDR), which once perceived irreparable by the damaged cells can potently induce the SASP (Rodier et al., 2011) . It is now clear that regulation of the initiation and development of the SASP involves multiple signaling pathways, including those mediated by p38MAPK, Jak2/Stat3, the inflammasome, mTOR, GATA4, macroH2A1, ATM and mitochondrial sirtuins (Ito, Hoare, & Narita, 2017 (Rodier et al., 2009 (Rodier et al., , 2011 , the precise regulatory mechanism directly linking the DDR events to the SASP development remains largely unclear F I G U R E 1 Oncogene-and therapy-induced cellular senescence. (a) oncogene-induced senescence (OIS) represents a cell responsive program provoked upon aberrant activation of specific oncogenes such as Ras, Raf, Akt, Cyclin E and c-Myc (Acosta & Gil, 2012; Ko et al., 2018; Warnier et al., 2018) . OIS results from the enforcement of a DDR triggered by DNA hyper-replication induced by oncogene expression, a process that is initially transient but ultimately ends with the permanent establishment of cellular senescence (Di Micco et al., 2006) . In such a case, persistent DDR events are observed in senescent cells, and molecules such as ATM/ATR, Nbs1 and Chk2 are actively engaged in DDRassociated signaling. Regulation of the SASP is subject to multiple intracellular pathways including but not limited to p38MAPK, Jak2/Stat3 and mTOR (Freund, Patil, & Campisi, 2011; Laberge et al., 2015; Toso et al., 2014) , which inevitably converge on transcription factors such as NF-кB, C/EBPβ and AP-1 Ito et al., 2017) . Recent studies revealed that GATA4 is an upstream modulator of NF-кB signaling in senescent cells, while the chromatin reader protein BRD4 dynamically binds to super-enhancer elements adjacent to the genes encoding SASP factors (Kang et al., 2015; Tasdemir et al., 2016) . As different cell types show different responses to oncogenic stress, the relevant mechanisms dictating the sensitivity or resistance to a specific oncogene remain to be elucidated by future investigations. (b) Therapy-induced senescence (TIS) can be typically induced in normal, immortal or transformed, and cancer cells by anticancer compounds or ionizing radiation. Although generally considered tumor suppressive, TIS has recently been demonstrated by multiple studies to be able to enhance cancer resistance, relapse and metastasis by causing diverse cytotoxicity-related side effects including an in vivo form of the SASP (Chen et al., 2018; Kim et al., 2017; Mikula-Pietrasik et al., 2016; Wieland et al., 2017; Zhang et al., 2018) . Furthermore, experimental data suggested that TIS induced by genotoxic chemotherapy promotes cancer metastasis from primary sites to distant organs (Demaria et al., 2017) . It is imaginable that similar consequences could be observed in cancer clinics, a process driven by senescent cells with the tendency to promote malignant progression in the post-treatment stage, particularly cancer metastasis. We also raise the possibility of assaying typical SASP factors in peripheral blood of cancer patients for appraisal of treatment outcome and prognosis of disease exacerbation, a significant and innovative strategy of the SASP-based pathological assessment that may be realized in future medicine. Abbreviations and notes: A/B/C, oncogenes alternative to those exemplified (c-Myc and Ras) in (a); ER, endoplasmic reticulum; SASP, senescence-associated secretory phenotype; SA-β-Gal, senescence-associated β galactosidase; DDR, DNA damage response; TME, tumor microenvironment; GATA4, GATA binding protein 4; BRD4, bromodomain containing 4; dashed lines in (b), potential metastatic sites of disseminating cancer cells driven by the impact of TIS in patients that have undergone anticancer therapy until emergence of recent data, which revealed the implication of a cGAS-STING (cGMP-AMP synthase-stimulator of interferon genes) pathway. Briefly, cGAS is a highly conserved cytosolic DNA sensor, which can be activated once bound by double-stranded DNA released from genome instability-induced micronuclei, a process that engages a second messenger cGMP-AMP (cGAMP), which subsequently triggers the adaptor protein STING to recruit TANK-binding kinase 1 (TBK1) and IκB kinase to activate IFN regulatory factor 3 (IRF3) and NF-κB, respectively, causing the production of type I interferons and expression of numerous SASP factors (Dou et al., 2017; Gluck et al., 2017; Mackenzie et al., 2017; Yang, Wang, Ren, Chen, & Chen, 2017) . However, how the cGAS-STING pathway is functionally connected with other SASP modulators including but not limited to p38MAPK, Jak2/Stat3 and GATA4, remains an open question that merits future exploration. Given the remarkable complexity of the SASP signaling, further experimental inputs are essential to achieve new insights and to present optimal molecules for therapeutic targeting of such a distinctive phenotype.
In clinical medicine, anticancer agents not only triggers significant apoptosis of cancer cells but also causes substantial damage in the TME and induces typical TIS of the resident stromal cells, which cause therapeutic resistance via secretion of the SASP factors (Chen et al., 2018; Sun et al., 2012 Sun et al., , 2016 . Interestingly, damage-provoked SASP can also be restrained to preserve tissue homeostasis and prevent chronic inflammation, as suggested by recent study that revealed PI3K/Akt/mTOR pathway as a molecular rheostat to control the SASP progression (Bent, Gilbert, & Hemann, 2016) . Indeed, a TME-specific stress response is engaged promptly upon cellular damage particularly those induced by genotoxic insults, and stromal cells exhibit an acute stress-associated phenotype (ASAP) characterized by subsequent secretion of a small handful of soluble factors including IL-6 and Timp 1 (Gilbert & Hemann, 2010) . In contrast to the ASAP as a rapid response mainly involving the ATM-TRAF6-TAK1 axis, the SASP is a relatively chronic process governed by key signaling nodes such as TAK1, a central kinase that functionally mediates phenotypic transition from the ASAP to the SASP and holds remarkable potential as an optimal therapeutic target to manipulate the SASP with a higher efficacy than that of p38-or mTOR-oriented suppression . (Geng et al., 2018) . Dasatinib is a suppressor of Src kinase family and has showed prominent efficacy for some cancer types including chronic myeloid leukemia and colon cancer (Benthani et al., 2018; Naqvi et al., 2018) . The senolytic cocktail consisting of dasatinib and quercetin reduces the number of naturally occurring senescent cells in explants of human adipose tissue, while intermittent oral administration of senolytics to either senescent cell-implanted young animals or naturally aged mice can alleviate physical dysfunction and extend post-treatment survival . However, both compounds (dasatinib and quercetin) were considered to be nonspecific among types of senescent cells and can display cell type-dependent effects (Zhu et al., 2015) . Given the prominent efficacy of the senolytic cocktail in controlling aging-related symptoms as demonstrated in multiple lines of experimental mice including those of an immunodeficient or immunocompetent background, and in human adipose tissue explants (Ogrodnik et al., 2017; Schafer et al., 2017; Xu et al., 2018) , a comprehensive and practical use of these compounds as clinical senolytics upon systemic evaluation is intriguing for future medicine. In addition, BCL inhibitors or BH3 mimetic drugs appeared to be an alternative group of agents against senescent cells by specifically targeting multiple BCL family members including BCl-2, BCL-xl, and BCL-w (Chang et al., 2016; Yosef et al., 2016) . Specifically, ABT263 (also navitoclax) reduces viability of senescent human lung fibroblasts (IMR90), human umbilical vein epithelial cells (HUVECs) and murine embryonic fibroblasts (MEFs), but not human primary preadipocytes, thus is senolytic in some, but not all types of Baar et al, (2017) 5Z-7-Oxozeaenol Transforming growth factor-β1-activated kinase-1 (TAK1)
The SASP Preclinical animal models Zhang et al, (2017) COMMENTARY | 5 of 8 senescent cells . ABT263 has been extensively applied with success in treatment of human malignancies including lymphoma and multiple solid tumors; while another BCL inhibitor ABT737 has experienced an ex vivo evaluation in ovarian tumor samples (Lheureux et al., 2015 peptide that perturbs FOXO4 interaction with p53 and causes pronounced apoptosis of senescent cells (Baar et al., 2017) . Furthermore, utilization of these "first-generation" senolytic strategies in preclinical models is disease-minimizing, presumably through attenuation of the SASP. This implies that diseases associated with senescent cells, such as cancer, may be amenable to senotherapy mediated by agents that are in currently ongoing clinical trials but have the potential to be exploited as modulators or eliminators of senescent cells (Table 1) 
